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Abstract
There is some suggestion that the ability to detect blur may be altered in adults with myopia. Here, we address the question of
whether children with myopia have worse blur detection than other children, and whether blur detection in myopic children is
related to the rate of myopia progression. We recruited 20 myopes and 20 non-myopes aged between 8 and 12 years. Refractive
errors, visual acuity, and contrast sensitivity were measured and the change in refractive error over the past year calculated from
clinic records. Blur detection thresholds for two diﬀerent types of black and white targets (text and scenes), two illumination
conditions and two testing protocols were determined using a computer-based forced-choice testing procedure. The two testing
protocols used were: (i) dual image presentation where subjects were asked to choose the clearer of the two images, one image always
having zero blur, and (ii) single image presentation in which the subject reported whether the image was clear or blurred. Blur
discrimination ability under all tested conditions was similar for both refractive error groups. Blur detection thresholds were
0:27 0:15 D (myopes) and 0:24 0:07 D (non-myopes) for text images. Thresholds were similar when measured with a one log unit
reduction in lighting: 0:27 0:31 D compared to 0:23 0:14 D. Blur detection thresholds were greater for photographic scenes
(myopes 0:41 0:36 D, non-myopes 0:44 0:36 D) and when only a single text image (myopes 0:51 0:21 D, non-myopes
0:59 0:01 D) was presented, but this increase was measured in both refractive error groups. There was no correlation between blur
thresholds and refractive error magnitude, refractive error progression over the past year, or contrast sensitivity. We found that the
blur detection ability showed greater individual variation in myopic children. Further work is required to determine whether blur
detection ability is of relevance to myopia development.  2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
It has been suggested that the development of the eye
is not pre-programmed but instead is guided by a visual
feedback system involving the quality of the visual
image, and that a defocussed retinal image might be a
stimulus for the axial elongation which accompanies
myopia (Wallman, 1991). The hypothesis is that a re-
duction in the visual image quality may initiate a bio-
chemical change in the retina and this is ultimately
translated into a change in the growth of the eye (Goss
& Wickham, 1995).
Recently, it has been also hypothesized that the
ability to detect blur may be altered in myopia (Jiang,
1997; Rosenﬁeld & Abraham-Cohen, 1999). Jiang’s
(1997) modeling of the accommodation control system
and analysis of data from emmetropes and myopes, led
to his report of higher blur thresholds in the myo-
pic group. Using a Badal lens system, Rosenﬁeld and
Abraham-Cohen (1999) directly compared the ability of
myopic and emmetropic adults to detect the presence of
defocus. Adult subjects were asked to report when they
ﬁrst noticed a diﬀerence in clarity between the two parts
of the target. The blur detection threshold was signiﬁ-
cantly higher for the myopes than for the emmetropes
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(0.19 D cf. 0.11 D). In an earlier study, Kurtev and
Layton (1979) had found no diﬀerence in blur thresholds
of myopes and emmetropes during optometric subjec-
tive refraction testing, however, this may have been due
to the clinical methodology adopted and larger defocus
steps employed.
All of the described studies were conducted using
adult subjects. Here, we address the question of whether
children with myopia have worse blur detection than
other children, and whether blur detection in myopic
children is related to the rate of myopia progression.
Based on the theory linking myopia and defocus, we
predict that the blur detection ability of children with
fast myopia progression rates will be worse than that
of children with slow or no progression. We were also
interested to determine if the type of target presented
aﬀected blur detection thresholds.
2. Materials and methods
2.1. Subjects
Patient records of the Optometry Clinic at The Hong
Kong Polytechnic University were searched for the re-
cords of children between 8 and 12 years of age, with no
ocular pathology, less than 1.50 D of astigmatism and
visual acuity better than 6/6 Snellen. Potential subjects
with myopic spectacle prescriptions (1.00 to 5.00 D)
and non-myopic spectacle prescriptions (plano to þ1.00
D) were identiﬁed and their parents contacted and asked
if their children would take part in our study. The
two groups recruited were approximately age-matched
(myopic group: 9:5 0:8 years, non-myopic group:
9:2 1:3 years); the myopic group comprised 9 girls and
11 boys, and the non-myopic group 8 girls and 12 boys.
For the myopic group, we tried to recruit children with a
range of myopia severity and progression rates. Our
study met the requirements of both the Queensland
University of Technology Human Research Ethics
Committee and The Hong Kong Polytechnic University
Human Subjects Ethics Sub-Committee.
2.2. Data collection
Testing in all but three cases (two from the myopic
group, one from the non-myopic group) was conducted
after school, between the hours of 3 and 8 p.m. A non-
cycloplegic subjective refraction was carried out using
maximum plus or minimum minus for best visual acuity
and the fused crossed cylinder technique (Borish &
Benjamin, 1998). A careful blur back procedure was
used to ensure that refractions were not over-minused.
Visual acuity and contrast sensitivity were measured
with this refractive correction using a Bailey–Lovie high
contrast acuity chart at 6 m (Bailey & Lovie, 1976) and
a Pelli–Robson chart at 1 m (Pelli, Robson, & Wilkins,
1988) respectively. The myopic shift over the preceding
12 months was determined from the subjective refrac-
tion results and past clinic records. Blur detection
thresholds for a number of diﬀerent types of targets and
testing protocols were determined using a computer-
driven forced-choice testing procedure.
2.3. Blur detection measurements
Computer programming was carried out using
Matlab and the testing procedure was designed as a
computer game to encourage participation of children in
the test. A range of sounds such as ‘‘yahoo’’ or ‘‘excel-
lent’’, and a score bar were added to give positive
feedback to the children. A high quality Sony CPD-
G500 Trinitron monitor (1024 768 pixels) was used to
display the images. The range of luminance of the test
images was 40–60 cd/m2 (Topcon luminance meter, 1
deg ﬁeld) and testing was performed at 40 cm. Black and
white images of text and natural photographic scenes,
that constituted 256 256 pixels each, were reproduced
on the computer monitor. In Fig. 1, we show a snapshot
of the computer screen with an example of one of the
Chinese text images with a simulated blur of 0.5 D on
the left hand image.
An image processing technique was used to approxi-
mate the blur experienced from an out of focus retinal
image. The image transformation involved:
(i) Forming a complex pupil function (CPF), (Wethe-
rell, 1980)
CPFðx; yÞ ¼ Aðx; yÞ exp½j2pW ðx; yÞ	;
where, Aðx; yÞ is the aperture function chosen here as
a normative Stiles-Crawford (Applegate & Laksh-
minarayanan, 1993), W ðx; yÞ ¼ aðx2 þ y2Þ is the wave-
front error function that models the defocus, ðx; yÞ are
the Cartesian coordinates, and j ¼ ﬃﬃﬃﬃﬃﬃ1p . In this
function, the amount of blur is controlled by the
parameter a.
(ii) Calculating the point spread function (PSF).
PSF ¼ jFfCPFðx; yÞgj2;
where Ffg denotes the Fourier transformation.
(iii) Calculating the optical transfer function (OTF)
by Fourier transforming PSF with respect to x and y.
(iv) Transforming the clear image to its Fourier
domain and multiplying it by the OTF to yield the
Fourier domain blurred image.
(v) Inverse Fourier transforming the result from step
(iv) to obtain the ﬁnal blurred image.
Thresholds for four diﬀerent testing conditions, were
obtained and details of the testing conditions are sum-
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marized in Table 1. The number of diﬀerent conditions
that could be tested was limited by the attention span of
the children and the fact that the children took 10–15
min to complete enough trials for a threshold determi-
nation. No time limit was placed on target exposure,
hence avoiding a potential confounding eﬀect where
targets presented for less than 200 ms always appear
blurred (Westheimer, 1991).
The two types of images used comprised:
(i) Text including both English words and Chinese
characters ranging in height from 18 to 70 pixels
(English) and 54 to 156 pixels (Chinese), and
(ii) scenes (natural photographic scenes, e.g. of trees,
mountains).
All images were black and white. The text was a high
contrast, sharp edged, binary image. The scenes had
fewer high contrast edges than the Chinese characters
and a greater range of low contrast information, and
were chosen such that the average intensity histogram
(the distribution of pixel values) was approximately
uniform.
The two testing protocols used were:
(i) dual image presentation where subjects were asked
to choose the clearer of the two images, one image
always having zero blur, and
(ii) single image presentation where subjects were
asked to decide whether a single image was clear or
blurred, when there was no comparison image.
Fig. 1. An example of a Chinese character text target with a simulated defocus level of 0.5 D on the left side. When two images were presented, as
shown here, subjects were asked to decide which of the two images was the clear one. When only one image was presented the task was to say whether
that image was clear or blurred.
Table 1
Testing conditions used
Target Spatial frequency Contrast Luminance
(cd/m2)
Blur levels Task
(a) Dual image presentation
1. Text English words &
Chinese characters
Range, large high
frequency component
High 40–60 0–0.5 D in
0.05 steps
Choose the clearer
of two images
2. Scenes Photographs of
natural scenes
Large range, mostly
mid to low
Large
range,
mostly low
40–60 0–0.5 D in
0.05 steps
Choose the clearer
of two images
3. Text 1 ND English words &
Chinese characters
Range, large high
frequency component
High 4–6 0–0.5 D in
0.05 steps
Choose the clearer
of two images
(b) Single image presentation
4. Text English words &
Chinese characters
Range, large high
frequency component
High 40–60 0–1 D in 0.1
D steps
Decide whether a
single image is clear
or blurred
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There were three separate runs of the dual image
presentation condition, namely with targets comprising
text, scenes and text with a 1 ND ﬁlter, and one run of
the single image condition using text images. In both of
the testing protocols, a forced-choice testing strategy
was used.
In the ﬁrst protocol (i), 11 diﬀerent defocus levels
ranging from 0 to 0.5 D in 0.05 D steps were presented
eight times each. Blur thresholds were calculated, for
50%, 75%, 85%, 95% and 99% correct responses. The
slope of the probability curve, which may be interpreted
as the rate of change in the probability odds, at the 85%
correct location was also determined.
Likewise for the single image used in the second
protocol (ii), 11 diﬀerent defocus levels were presented
eight times each, however here the defocus levels ranged
from 0 to 1 D in 0.1 D steps. For the single image the
defocus level at which the image was considered blurred
in 15%, 25%, 50%, 75%, 85%, 95% and 99% of presen-
tations was determined. Here a probability of 0% indi-
cated that even with a small level of defocus the image
was always considered clear and 100% indicated that the
image was considered always blurred. The slope of the
probability curve at the 50% considered blurred location
was also determined.
Subjects were initially given a short practice session
where two targets, one clear and the other with 2 D of
blur (a very obvious amount of blur), were presented.
The subjects were instructed to click on the button di-
rectly below the clearer image. As mentioned earlier,
positive feedback was used to encourage the children to
continue. If the correct image was selected happy sounds
were heard, and for an incorrect response a camera
shutter sound was heard. After this practice, used pri-
marily to ensure that subjects understood the task,
subjects were allowed to practice on the real task for
5 min. The results from the practice session were not
included in the analysis.
The three runs with two images were shown in ran-
dom order, then the run using single images was shown.
For the single image run, the subjects were asked to
indicate whether the single image was clear or blurred.
Here there were again two buttons, one labeled ‘‘clear’’
and one ‘‘blurred’’, and subjects had to click on the
appropriate button to indicate their response. No audio
feedback or practice session was used for this part of
the testing. The results of each trial were saved for later
analysis.
2.4. Data analysis
Probit analysis (Finney, 1977) was used to determine
the defocus thresholds, for a range of percent correct
levels (testing protocol (i)) or percentage of presenta-
tions called blurred (testing protocol (ii)), for each
condition. This type of analysis corresponds to modeling
the unmeasured random factors of subjects’ behavior
by a normal probability density function. A graphical
representation of the conversion from frequency data to
probability data for one subject and one trial is shown in
Fig. 2. The frequency of blurred responses for each blur
level was converted to probabilities using probit ana-
lysis. Mean blur levels for all subjects at chosen pro-
bability levels were used to compare refractive error
groups. When two images were presented and the choice
was ‘‘which is the clear image’’, a guessing correction
factor was included.
Fig. 2. To describe the data conversion that was carried out for all
subjects, one example is shown here. In this case, the subject’s task was
to state whether the single text image that was presented was blurred or
clear when diﬀerent amounts of blur were simulated in the image
(0–1.0 D, in 0.1 D steps). Each blur level was randomly presented eight
times. In (A) the frequency of blurred responses is shown as a function
of blur level. In (B), probit analysis has been used to convert the fre-
quency data to probabilities. Defocus level is plotted on the x-axis with
increasing simulated defocus to the right. Here we used 25% to rep-
resent the defocus level below which the target was reported as clear
and 75% the threshold at which blur was reported (this is indicated by
the arrows on the ﬁgure). Mean data for all subjects was used to create
Figs. 3 and 4. When two images were presented and the choice was
‘‘which is the clear image’’, a guessing correction factor was included.
Negative values of defocus in these analysis are due to this correction
factor.
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Refractive errors, contrast sensitivity, and blur de-
tection threshold data for each group were averaged and
compared using an independent t-test for unequal vari-
ances (Welch’s t-test). We also determined the correla-
tion between blur detection thresholds and contrast
sensitivity, myopia severity and myopia progression.
Power calculations were performed to determine what
diﬀerence in blur detection ability it would be possible to
detect as statistically signiﬁcant, given the number of
subjects in this study. We pooled the data for all the
children and conducted an analysis of variance to de-
termine whether blur detection thresholds diﬀered for
the diﬀerent targets. The data from one myopic subject
(with extremely high blur thresholds, 1.6 D) was dis-
carded from all the group analysis. There was less than a
5% chance of encountering this value (Grubb’s extreme
studentized deviate method). Unless otherwise stated
data presented are mean  SD.
A small portion of the data presented in this paper,
relating to testing protocol (ii), was presented at the VIII
International Conference on Myopia, Boston, July 2000.
3. Results
On average the myopic group was 3.33 D more my-
opic than the non-myopic group and had axial lengths
that were 1.47 mm longer. The two groups did not diﬀer
in terms of age, school grade or performance on visual
acuity and contrast sensitivity tests (see Table 2). The
data for the one myopic subject that had extremely high
blur thresholds is not included in the myopic group data
and analysis that follows.
Blur detection ability of the two groups, measured
using testing protocol (i), was not signiﬁcantly diﬀerent,
although the data for the myopic group did show greater
variability (variance ratio test, p < 0:01) (Table 3 and
Fig. 3). For text images the threshold of reporting blur
was 0:27 0:15 D for myopic subjects and 0:24 0:07
D for non-myopes. Blur thresholds were of similar
magnitude when measured under a one log unit re-
duction in lighting: 0:27 0:31 D for the myopic
group compared to 0:23 0:14 D for non-myopes. Blur
thresholds were greatly increased for photographic
scenes (myopes 0:41 0:36 D, non-myopes 0:44 0:36
D), but this increase was measured in both groups.
When only a single image was presented using testing
protocol (ii) the threshold for reporting blur was further
increased (Table 3 and Fig. 4). Again this was measured
in both groups: myopes 0:51 0:21 D and non-myopes
0:59 0:01 D. The only signiﬁcant diﬀerence was that
the slope of the probability curve was shallower (p ¼
0:01) for the myopic group and the data were more
variable (variance ratio test, p < 0:01).
Table 2
Subject characteristics
Myopes Non-myopes Diﬀerence t-Test (p value)
Age (yr) 9:47 0:77 9:15 1:27 0.32 0.34
Grade 4:47 0:77 4:15 1:27 0.32 0.34
Mean refractive error (D) 2:98 0:97 0:35 0:29 3.33 <0.005
Refractive change (D/yr) 0:27 0:37 0:03 0:30 0.24 0.04
Axial length (mm) 24:71 0:80 23:24 0:65 1.47 <0.005
Acuity (LogMar) 0:001 0:005 0:001 0:004 0 1.00
Contrast sensitivity 1:647 0:008 1:653 0:005 0.006 0.73
Table 3
Blur thresholds (D) of myopic compared to non-myopic children
Myopes Non-myopes Diﬀerence t-Test (p value)
(a) Dual image presentation
1. Text 75% 0:272 0:153 0:240 0:071 0.032 0.87
85% 0:355 0:159 0:289 0:090 0.066 0.31
Slope (D/10%) 0:088 0:009 0:053 0:029 0.035 0.12
2. Scenes 75% 0:411 0:358 0:435 0:360 0.024 0.65
85% 0:519 0:478 0:585 0:471 0.067 0.35
Slope (D/10%) 0:116 0:130 0:122 0:135 0.006 0.90
3. Text 1ND 75% 0:271 0:305 0:229 0:142 0.041 0.87
85% 0:347 0:383 0:297 0:174 0.050 0.93
Slope (D/10%) 0:080 0:080 0:071 0:042 0.009 0.84
(b) Single image presentation
4. Text 25% 0:285 0:164 0:218 0:137 0.067 0.17
75% 0:500 0:212 0:585 0:009 0.085 0.12
Slope (D/25%) 0:107 0:073 0:183 0:005 0.076 0.01
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A power calculation was performed to determine the
minimum detectable diﬀerence in blur detection thresh-
olds for the sample sizes used, and given the variability
observed in the data. There was a 90% probability of
detecting a diﬀerence of 0.1 D at the 0.05 level. While we
can be fairly conﬁdent that a real diﬀerence has not been
missed in this study, to improve the odds of detecting
smaller diﬀerences between the groups, many more
subjects would be required. For example, for a 0.05 D
diﬀerence in blur detection thresholds between groups to
be detected subject numbers in each group would need
to be increased to 86, for a 0.02 D diﬀerence 527 subjects
would be required.
There was no correlation between blur thresholds and
refractive error magnitude, refractive error progression
over the past year, or contrast sensitivity. This was true
whether each subject group was used separately in the
analysis or data for all subjects were pooled. Only the
slope of the single image probability curve showed any
correlation: refractive error magnitude and slope, R ¼
0:226, p ¼ 0:001, contrast sensitivity and slope, R ¼
0:132, p ¼ 0:013. There was also no correlation between
refractive error and contrast sensitivity.
The data were also analyzed in terms of refractive
error shift over the past year. This information was
available for 16 of the myopic subjects and 19 of the
non-myopes. Myopes had a mean myopia progression
rate of 0.27 D/yr, while for non-myopes the change
was only 0.03 D/yr. As would be expected, the myopic
group had a signiﬁcantly greater shift towards more
myopia or less hyperopia over the past year than the
non-myopic group (p ¼ 0:04). For the 35 subjects for
whom refractive shift data were available, refractive
error progression rate was not correlated to blur thres-
holds for any of the targets or testing protocols.
Data for all subjects were pooled and the 75% correct
blur thresholds for the diﬀerent target conditions (text,
scenes and text with 1 ND ﬁlter) used in testing protocol
(i) compared using within subjects ANOVA. The three
target conditions gave signiﬁcantly diﬀerent blur detec-
tion thresholds (F ¼ 5:871, p ¼ 0:004) and there were
Fig. 3. Blur detection thresholds (mean SE) for dual presentation of
targets, where one was clear and one was blurred, for (A) text images,
(B) photographic scenes, and (C) text images under reduced illumi-
nation conditions. Two representations of the same target were pre-
sented and subjects had to select the clearer image. Group thresholds
for 15%, 25%, 50%, 75%, 85%, 95% and 99% probability are shown.
There was no diﬀerence in the ability of young myopes and non-
myopes to detect blur in these types of images. The standard error of
the myopic group was higher than the emmetropic group for text
images under both illumination conditions.
Fig. 4. Blur discrimination thresholds (mean SE) for a single text
image. Only one target was presented and subjects had to decide
whether it was clear or blurred. Group thresholds for 15%, 25%, 50%,
75%, 85%, 95% and 99% probability are shown. The amount of blur
required for subjects to consistently report that the target was blurred
was similar for both refractive error groups. However, the slope of the
curve was signiﬁcantly less and the group data more variable for the
myopic group.
244 K.L. Schmid et al. / Vision Research 42 (2002) 239–247
signiﬁcant diﬀerences between subjects (F ¼ 2:386, p ¼
0:04). Blur thresholds were higher for the scene than for
the text target (e.g. 0:41 0:36 D cf. 0:27 0:15 D, p ¼
0:002). Thresholds were of the same magnitude when the
lighting was reduced by 1 log unit (e.g. 0:26 0:12 D cf.
0:25 0:23 D, p ¼ 0:868). Blur detection thresholds were
highest for the single image text presentation, i.e. testing
protocol (ii) (e.g. 0:54 0:16 D).
4. Discussion
We found that the blur detection ability of myopes
and non-myopes was not statistically diﬀerent. Based on
power calculations we are conﬁdent that a 0.1 D dif-
ference between the groups, if it were present, would
have been measured. The signiﬁcance of this result is
discussed further below.
Our computer-based technique is very diﬀerent to the
Badal lens system used by Rosenﬁeld and Abraham-
Cohen (1999). Our method could be considered an ‘ex-
ternal blur’ technique rather than ‘internal blur’ (i.e. lens
produced). Even so, we found that the blur detection
ability of the children on the two target comparison test
(testing protocol (i)) was of a similar order to that
measured by Rosenﬁeld and Abraham-Cohen (1999) in
adults, i.e. just over 0.2 D compared to slightly less than
0.2 D. Diﬀerences between the myopic and non-myopic
children were smaller than those measured between
myopic and non-myopic adults (e.g. 0.03 D for the text
image cf. 0.08 D in adults), and unlike the diﬀerences
found in the study of Rosenﬁeld and Abraham-Cohen
(1999) were not statistically signiﬁcant.
While blur can be produced in many ways (e.g. with
ophthalmic lenses, changes in object distance, projecting
a defocused image onto a screen, computer generated)
we assume that both retinal and higher order perceptual
processes involved in analysing blur are similar, re-
gardless of how it is produced. The technique of blurring
computer displays to determine blur thresholds is not
new and has been used previously to determine blur
discrimination for colored borders (Blatherwick &
Hallett, 1992). Blatherwick and Hallett used a temporal
alternate forced-choice procedure in their blur detection
study and well practiced adult subjects. They found blur
detection thresholds for colored red–green and orange–
cyan borders at 1.25 deg eccentricity of approximately
0.05 D, while blur detection was reduced for yellow–blue
borders. Blur thresholds for adults well practiced at the
task are less than that found for the children subjects in
our study.
An issue is whether, given the cognitive input into
blur detection, this characteristic of the visual system
has any real relevance to myopia development, given the
premise that eye growth is regulated by the retina. Pre-
sumably blur would need to be present at the retinal
level for this to occur but whether children can recognize
the presence of blur may be irrelevant. On the other
hand, if measured blur detection thresholds were dif-
ferent in the two groups this may suggest that a
diﬀerence is present at the retinal level. The ability to
discriminate and report blur may only develop with
other cognitive functions in adulthood, which may ex-
plain the ﬁndings of Rosenﬁeld and Abraham-Cohen. In
agreement with our ﬁndings, Rosenﬁeld and Abraham-
Cohen found greater variability in the standard devia-
tions of their myopes (by a factor of 4.7).
Given the association between myopia development
and near work (reviewed in Goss &Wickham, 1995) and
as diﬀerences in the visual system of children developing
myopia may only occur after prolonged periods of near
work, we conducted the majority of our testing sessions
in the afternoon, when diﬀerences due to fatigue may
have been more readily apparent. It is however, possible
that greater diﬀerences between groups would be ob-
served if a period of extensive close work was provided
immediately prior to blur detection testing. Decreased
distance vision and accommodative adaptation have
been observed following near tasks (Ebenholtz, 1983;
Wolf, Ciuﬀreda, & Jacobs, 1987; Owens & Wolf-Kelly,
1987), which may lead to decreased blur detection
ability depending on the distance of the task.
While child myopes and non-myopes performed
equally in terms of reporting when a single text image
was blurred (testing protocol (ii)), the results of Thorn,
Cameron, Arnel, and Thorn (1998) suggest that higher
thresholds may be expected in myopic individuals.
Thorn and co-workers (1998) found that visual perfor-
mance, e.g. reading, visual acuity and contrast sensiti-
vity, were reduced less by lens-induced blur in myopes
than emmetropes. Based on this, one would expect
higher thresholds for reporting blur in myopes due
perhaps to improved blur interpretation ability and/or
reduced eﬀects of blur on vision. Marked improvements
in the ability to detect and recognize letters following
prolonged exposure to optical defocus has been reported
(Mon-Williams, Tresilian, Strang, Kochhar, & Wann,
1998). It is possible that our negative result here is due to
our young myopes not yet having developed this im-
proved blur interpretation ability. An alternative is that
the diﬀerences are due to the way in which the blur is
produced, with only lens-induced blur showing this ef-
fect. In the study of Thorn et al. (1998) plus lenses were
used to induce defocus, however as cycloplegia was not
employed the amount of defocus actually produced may
have been aﬀected by factors such as accommodative
tone or over-minusing of myopic corrections. Refractive
factors such as these would have much reduced eﬀects
in our study where the blur was produced at near on a
computer screen rather than with spectacle lenses.
We found that blur detection ability was not depen-
dent on refractive error magnitude and was not related
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to myopia progression rate. While it would be necessary
to follow a group of emmetropes with diﬀering blur
detection thresholds to see if higher thresholds resulted
in myopia development, there is indirect evidence to
suggest that changes to blur detection may occur after
the development of myopia, not before. Gwiazda,
Bauer, Thorn, and Held (1995) observed that there was
no diﬀerence between the slope of the accommodation
stimulus response curve between emmetropic subjects
who remained emmetropic and those who went on to
develop myopia. The large lags of accommodation in
response to negative lenses only occurred after the de-
velopment of myopia (Gwiazda, Thorn, Bauer, & Held,
1993). This assumes that there is a relationship between
lag of accommodation and subjective blur detection,
which may or may not exist.
An important question is whether reductions in blur
detection ability of such a low amount, i.e. 0.03 D, are
likely to result in childhood myopia development. This
is potentially possible given that spectacle lens-induced
blur of only 1 D can induce ocular changes in the chick
eye which has much poorer resolution ability (Schmid &
Wildsoet, 1997, 1998). On the other hand, this diﬀerence
in blur detection ability may be of little consequence,
given that lags of accommodation in myopic children
average 1 D for a 33 cm target and increase to over 2 D
when negative lenses are used to produce the accom-
modation demand (Gwiazda et al., 1993). This is also an
argument for the ‘uncoupling’ of the subjective sensa-
tion of blur detection and retinal blur, as these subjects
do not tend to report blurred vision, despite large ac-
commodation lags. Related to this, is the ﬁnding that
while myopic adults have similar blur detection thresh-
olds (Rosenﬁeld & Abraham-Cohen, 1999) to children,
adults can have relatively high progression rates (0.45 D/
yr) in the presence of lower accommodative lags, e.g.
0.40 D for a 3 D accommodative stimulus (Abbott,
Schmid, & Strang, 1998). However, if poor blur detec-
tion ability causes the accommodative lag in the ﬁrst
place, then small reductions in this ability may be
important.
Because of the similarity of the tasks, we expected
that blur detection ability would be correlated with
Pelli–Robson contrast sensitivity; we did not ﬁnd this. A
diﬀerence in contrast, particularly at edges, between two
images, is used when deciding which of two images is
blurred (Jansonius & Kooijman, 1997). In addition, in-
creased blur thresholds have been measured for subjects
with reduced acuity due to pathology and those with
artiﬁcial reductions in acuity (Layton & Siegel, 1982).
Visual performance on contrast sensitivity tests is re-
duced in adult myopes corrected with spectacle lenses
compared to emmetropic subjects (Collins & Carney,
1990). However, the fact that acuity and contrast sen-
sitivity were similar in our two groups and not depen-
dent on refractive error could account for our negative
ﬁndings. Similarly, the increased variability of the my-
opic subjects’ blur detection data were not due to
contrast sensitivity or visual acuity. Only one myopic
subject had reduced contrast sensitivity and the data of
that subject were excluded from the data analysis. This
subject had the greatest myopia (4.88 D), reduced
contrast sensitivity and poorest blur thresholds (1.2 D).
Based on this it is possible that reduced blur detection
ability is a consequence of secondary myopic changes
that occur in the eye. Data for more highly myopic
subjects would be required to determine if a change in
blur detection occurs in high myopia.
Blur thresholds were higher for the scene image than
for text, presumably due to the way in which blur altered
the contrast proﬁle of the targets. Slight reductions in
contrast may be more easily detected for a black/white
high contrast text image than for a scene, which already
has lower contrast (Bradley & Ohzawa, 1986). In addi-
tion, since the text images have more high contrast edges
this would also aid their discrimination (Jansonius &
Kooijman, 1997).
In summary, we did not ﬁnd altered blur detection
ability in myopic children, though myopic children
showed greater individual variation in blur detection
thresholds. The increased variability in the myopic group
may mean that sub-groups of myopes diﬀer in their blur
detection ability. Our results provide measures of mean
and standard deviation of blur detection ability in young
myopes and non-myopes that will be useful for sample
size determination for future studies.
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